Cities and towns in developing countries are experiencing an unplanned and uncontrolled development known as urban sprawl.
Introduction
Cities and towns in developing countries are experiencing rapid population growth and uncontrolled development known as urban sprawl. For the first time in history the urban population of the world has outnumbered the rural population (Badiane, 2006) [1] . This epochal transition occurred mostly in Africa and other developing countries of Latin America and Asia. In fact, the world has urbanized faster than originally predicted by T.R. Malthus (1978) [2] . In 1950, there were 86 cities in the world with a population of more than one million (Badiane, 2006 ) [1] .
Sprawl takes place either in radial direction around a well-established city or linearly along highways (Torrens, 2006) [3] . Patterns of sprawl and analyses of spatial and temporal changes could be done through various methods. The
Mapping process provides a "picture" of where this type of growth is occurring, which helps to identify the environmental and natural resources threatened by such sprawls, and to suggest the likely future directions and patterns of sprawling growth. The effects of sprawl on agricultural land use and other land uses such as residential, commercial, industrial and institutional are other concerns that are dependent on the mapping and study of the sprawl process. Ultimately, the power to manage sprawl resides with local government authorities that are saddled with the responsibility of urban developmental control.
Urban sprawl is often uncoordinated and extends along the fringes of metropolitan areas with incredible speed. Commonly, this uncoordinated development encroaches agricultural and resource land uses in the process. Land is often developed in a fragmented and piecemeal fashion, with much of the intervening space left vacant or in uses with little functionality (Torrens and Alberti, 2002) [4] .
Sprawl in Nigeria consists of informal housing developments on the urban periphery, on land that is mostly privately owned, sold in single small plots. These newly developed areas have been called peri-urban areas (Imhoff, 2000) [5] and the inter-metropolitan periphery (Berry, 1990) [6] . The ex-urban areas beyond the suburbs are sometimes called fringe developments (Daniel, 1999) [7] and extended places (Bureau of the Census, 2000) [8] .
The study on urban environmental issues using remote sensing and GIS techniques in India, indicated major urban environmental problems that occur due to high population growth (the 46.31% increase during 1991-2001). Also, the uncontrolled and mismanaged urban expansion has led to the doubling of the densely built-up area during the last decade in Delhi (Atiqur, Maik, Alka, and Javed, 2009) [9] .
All cities in Nigeria are experiencing sprawl; Awka metropolis is not an exception because of the scale and type of development on some of the city's most agriculturally productive land. In the past decade, the city's built up area burst outward in an explosion of sprawl that consumed former agricultural land at a break-neck pace (Lazarus, 2012) [10] . Hence there is a need to examine the na-Journal of Geographic Information System ture and the pattern of sprawl in the area, for proper decision making and thereby, to enhance sustainable development.
Materials and Methods
Awka town is located between latitudes 6.20˚22'24"N and 6.28˚32'34"N and longitudes 7.00˚04'04"E and 7.08˚04'04"E on the Southeastern part of Nigerian.
Awka is bounded with Nibo in the south west, Mbaukwu and Okpuno in the north east and then Umuawulu, Isiagu, Ezinato, in the south east as shown in To determine the extent of urban land use between 1986 and 2016, the attribute and statistics from the classification result was generated and used for post-classification comparison among the years. The built-up was also extracted for each of the periods and the extent of the built up area was calculated in km 2 .
The extent of urban sprawl between 1986 and 2016 was analyzed by subtracting the reference year of land cover of 2016 from the base year 1986. To determine the rate and pattern of urban sprawl in the study area, tables were used to show the rate of urban sprawl using the resulting value generated to compare the set data for 1986 and 2016, the total extent of the sprawl in km 2 was divided by the number of years within the period that is; 1986-2016. To assess the environmental impacts of urban sprawl in the study area, 5 points likert scale of measurement was used to elicit the respondents' opinion on the perceived impacts of the unprecedented growth of Awka town.
Results and Discussion
This section presents the results of analysis on the classes, extent of the urban sprawl, rate and magnitude of urban growth as well as perception on the environmental impact of urban sprawl in the study area. Table 1 shows the spatial extent of land use/land cover classes in the study area. Table 1 shows land use/cover analysis in Awka for the period of 1986-2016. Table 1 shows that light vegetation witnessed a sharp decrease from 20,219.49 km 2 (29.76%) in 1986 to 4477.32 km 2 (9.17%) in year2000. It further decreased from 4477.32 km 2 (9.17%) to 1869.32 km 2 (5.55%) in 2016. This decrease is as a result of clearing of natural vegetation for urban development, thereby exposing the land to direct contact with rainfall, leading to gully erosion Journal of Geographic Information System [12] on the other hand, farmland which occupied 10,037.07 km 2 (19.13%) of land in 1986 decreased to 25,500.51 km 2 (48.60%) and 17,848.44 km 2 (34.01%) in 2000 and 2016 respectively. The decrease in farmland throughout the study period must have been caused by the increase in built-up area which led to the conversion of farmlands to built-up lands. This is in line with the work of Nwafor (2006) [13] who also found that farmlands decreased as built-up area increased. Dense vegetation occupied 15,010.02 km 2 (22.09%) in 1986 and decreased to11, 499.39 km 2 (23.55%) in 2000 and to 9082.47 km 2 (26.98) in 2016. Bare surface decreased progressively from 3761.37 km 2 (5.54%) in 1986 to 1563.57 km 2 (11.40%) in 2000 and 219.74 km 2 (3.62%) in 2016. Figures 2-4 shows the land use/ land cover classification of the study area for the years 1986, 2000 and 2016.
Result in
The extent of urban land use has experienced progressive increase throughout the study period as shown in Table 1 . The year 1986 which represents the development that took place prior to the time the study area became the administrative Local Government Area, had the least aerial coverage of urban land use 12.78 km 2 (10.40%). This was preceded by the year 2000 (14 years later) where the extent of urbanization rapidly increased to 33.02 km 2 (26.89%). This rapid increase could however be accounted for by the increase in the construction of government offices, academic institutions, Health centres, housing facilities as well as the influx of the rural population coming for white collar jobs as well as business opportunity in the study area. More urban expansion resulting from continuous dividends of democracy which increased administrative and commercial activities resulted in an increase in the extent of urban area to 48.49 km 2 Journal of Geographic Information System (39.49%) in 2016 as observed by Balzerek (2003) [14] that high construction activities and its structural as well as functional development lead to a yearly increase in built-up areas every year, just as in the case of Awka Metropolis which is not exceptional. Table 2 shows the Extent and magnitude of change of urban sprawl in the study from 1986-2016.
The conversion of farmland to build up area is rapid in Awka metropolis between 1986 and 2016 as shown in Table 2 Table 2 shows that farmland decreased drastically in magnitude Table 1 revealed a decrease in farmland.
Results in
The increase in bare surface between the years 1986-2000 is as a result of clearing of natural vegetation for urban development, thereby exposing the land to direct contact with rainfall, leading to gully erosion in the area.
Growth Trend and Pattern of Awka Metropolis
Awka metropolis witnessed a remarkable growth between 1986 and 2016 to have more than tripled spatially from mere 3444.48 Km 2 in 1986 to about 11,452.46 The period of thirty (30) years from 1986 to 2016 witnessed considerable increase in population in the study area, this can be inferred from the fact that the land area covered by built-up area, comprising of residential, commercial, industrial and institutional land uses are on the increase, thereby affecting other land use/cover categories. For instance, the maps confirmed that built up areas increases from 5.07% to 19.32% from 1986 and 2000. Further increase from 19.32% to 34.02% was witnessed from 2000 to 2016 as shown in Figure 5 .
The results of analysis on Figures 2-4 show that most of the areas with mixed land uses are unplanned, with high density developments within towns such as Ifite, Okpuno, Mbakwu, Ntoko, Ndikpa, Ndiora, Isiagu, Nibo, Urumi and Umunike. Awka town is a major indigenous settlement that has grown organically without much planning and has the highest record of encroachments. The town accommodates many low income workers from neighboring local government areas.
Perception on the Environmental Impacts of Urban Sprawl in the Study Area
To further support the geospatial analysis for this study, it is important to consider Journal of Geographic Information System the perception of people's of the study area on the environmental impacts of the urban sprawl, this was achieved by employ the liker scale form of measurement to elucidate information from the respondents, keeping in view the technology and techniques used in this research. It was thought to be a better idea not to rely solely only on remote sensing and GIS approach to examine the sprawl but also to assess its impact on the environment.
Respondents were asked the impacts of urban sprawl in Awka in order to identify possible effects other than the changes in land use classes as observed using the GIS techniques and there responses are presented in Table 3 . Table 3 shows that 72% of the respondents strongly agreed that urban sprawl resulted to loss of farmlands and wildlife while no respondent strongly disagreed. This is in accordance with the findings on Table 1 where farmland reduced drastically from 25,500.51 km 2 in the year 1986 to 1003.7 km 2
Results on
in the year 2016. However, 2.4% of the respondent disagreed and 10.1% were indifferent. In the same vein, 15.5% of the respondent agreed that loss of farmlands and wildlife was a great impact of urban sprawl in Awka metropolis.
Urban sprawl caused Pollution (Air, Water and Noise) in the study area. This was strongly agreed by 77% of the respondents while 17.8% agreed. The proportion of respondents who agreed and who strongly agreed put together is 94.8%.
The percentage of respondents who strongly disagreed was 0.6 while those who responded indifferently were just 4.2%. This assertion by the respondents agree with the result in Table 3 where built-up area increased from 3444.48 km 2 in
year 1986 to 11,452.46 km 2 in the year 2016. This built-up area with human activities led to increase in air, water and noise pollution in the metropolis.
Pressure on available facilities and poor waste management practices was perceived to be as a result of unprecedented growth of Awka town between 1986-2016.
Respondents who strongly agreed constituted 72.6% while 19% agreed. Respondents who were indifferent (that is those who neither agreed nor disagreed) represent 5.9% of the respondent while those who strongly greed and those who disagreed were 1.6% and 0.6% respectively. This perception concurred with the finding on Table 1 where the built-up area increased within the study period and bare surface decreased from 361.37 km 2 at the base year to 1219.74 km 2 in the year 2016 due to population increase of the study area.
Urban sprawl brought about Traffic congestion, accidents and delay in travel time in the study area, Road traffic accidents and delay in travel was gauged and the following responses were recorded. Majority (79%) of the respondents strongly agreed that the rapid growth of Awka town brought about traffic congestion and other road related challenges in the town while 21% agreed. There was consensus in agreement as there was not even a single respondent who either strongly disagreed or disagreed and there was also no respondent who stood between agreement and disagreement (indifferent). This implies that increase in built-up area (see Table 1 ) resulted to influx of people into the town brought about traffic congestion and road accidents. Urban sprawl also brought about increase in social vices such as Crime, prostitution and so on, in Awka town. Responses for this option are; strongly agreed 71.4%, agreed 13.7%, indifferent 6.0% strongly disagreed 4.2% and disagreed 1.25%. This is true because influx of people from neigbouring Local Government Area in search of white collar jobs has resulted to the expansion of Awka town leading to reduction in bare surface and increase in built-up area. Also, the failure of housing to provide for housing requirements of the rapidly growing population is an implication of urban sprawl in Awka metropolis. Out of the 186 questionnaires administered, 98 respondents representing 58.4% strongly agreed while 32% agreed. Respondents who neither agreed nor disagreed were 12 representing 7.1% while 1.8% and 0.6% strongly disagreed and disagreed respectively.
Conclusions and Recommendations
This research work demonstrates the ability of geospatial techniques in the anal-Journal of Geographic Information System ysis of urban sprawl. The results obtained from this study revealed that there has been a continuous increase in built-up areas throughout the study period. There has also been a progressive increase of urban sprawl both in terms of spatial extent and magnitude throughout the study period. The most dramatic increase and the continuous expansion experienced in built-up area are shown between 2000 and 2016. The upsurge in population of the area was enhanced in recent time by the desire of the state government to restore Awka metropolis to its master plan as the state capital by the demolition of all forms of illegal structures within its territory. However, other specific land uses are also identified such as commercial land use comprising of banks, markets and shopping complexes, serviced oriented activities such as retailing finished products and petrol filling stations. Industrial land uses include privately owned informal businesses like welding, furniture making, and general electrical and engineering works. It is difficult to determine the spread of these informal industries. The period of thirty (30) years from 1986 to 2016 witnessed considerable increase in population in the study area; this can be inferred from the fact that the land area covered by built-up area, comprising of residential, commercial, industrial and institutional land uses is on the increase, thereby affecting other land use/cover categories such as farmland, bare surface and vegetation in the study area.
This study proffered the following recommendations.
1) There is a need for regular monitoring of urban sprawl and development by the state Government in the study area especially with the aid of geospatial techniques for better decision making.
2) There is a need for all stakeholders like Ministry of Land and Survey, Ministry of Environment, State Development Board and NGOs in urban land use management to ensure strict adherence to urban land use legislations.
3) There is a need for a regular appraisal by the state government on analysis of urban dynamics and development using geospatial techniques so as to easily detect areas that are fast growing and need attention in the study area.
Government should encourage researchers to further carry out urban-related studies with socio-economic effect in the study area for a more in-depth understanding of the dynamics of urbanization.
